Optimal protection from infection requires complex immune responses involving both the innate and adaptive immune systems. The innate immune system has a key role in initiating and orchestrating host defenses by regulating the production of proinflammatory cytokines, type I interferons and antimicrobial effectors 1 . Several distinct classes of germline-encoded pattern-recognition receptors have been discovered and have been linked to the sensing of microbial products. These include the Toll-like receptors (TLRs) 2 , the C-type lectin receptors 3 , the RIG-like helicases 4 , the Nod-like receptors (NLRs) 5 , and the cytosolic DNA sensors DAI 6 , RNA polymerase III (refs. 7, (8) (9) (10) (11) (12) . These receptors recognize microbial products from bacteria, viruses, fungi and parasites and in most cases trigger signaling pathways that culminate in the transcription of genes involved in the immune response 1 .
The NLRP1 inflammasome is activated by anthrax lethal toxin 15 . The NLRP3 inflammasome is activated by a broad range of stimuli, including bacteria, bacterial pore-forming toxins, viruses, endogenous danger signals such as ATP and monosodium urate, and indigestible particulates such as silica, asbestos, alum and amyloid-β 16 . The IPAF inflammasome is activated by flagellin or by the basal body rod component of the type 3 secretion system found in Salmonella typhimurium and other bacteria 17 . A fourth such complex, the AIM2 inflammasome, has also been identified. AIM2 is a member of the IFI20X-IFI16 (PYHIN) protein family 18 . AIM2 binds to DNA via a HIN-200 domain, whereas the pyrin domain associates with the adaptor molecule ASC to activate caspase-1 (refs. [9] [10] [11] [12] . The role of AIM2 in orchestrating immune responses to DNA or in regulating immune responses to viral or bacterial pathogens in vivo has not been examined further.
Here we investigate the role of AIM2 in vivo by generating mice lacking Aim2. We show that AIM2 regulated caspase-1-dependent processing of pro-IL-1β and pro-IL-18 in response to double-stranded DNA (dsDNA) in both dendritic cells (DCs) and macrophages. AIM2 did not mediate type I interferon responses to dsDNA but instead acted to negatively regulate this pathway. We also show a central role for AIM2 in the sensing of the cytosolic bacterial pathogen Francisella tularensis live vaccine strain (LVS), as well as vaccinia virus and mouse cytomegalovirus (mCMV). Additionally, we show a partial role for AIM2 in the sensing of Listeria monocytogenes. In vivo, AIM2-deficient mice (Aim2 −/− ) and ASC-deficient mice (Pycard −/− ; called 'Asc −/− ' here) infected with mCMV had lower serum concentrations of A r t i c l e s IL-18 and considerably attenuated production of interferon-γ (IFN-γ) by natural killer (NK) cells, events critical for the early control of viral replication. Collectively, our observations establish AIM2 as an important antimicrobial sensor and a key determinant of protective immunity to viral pathogens.
RESULTS

Generation of Aim2 −/− mice
To study the role of AIM2 in vivo, we generated AIM2-deficient mice through the use of a gene-trap embryonic stem cell line carrying a pGT0lxf vector insertion (Fig. 1a) . In this cell line, the pGT0lxf genetrap vector is inserted into intron 6 of Aim2. The fusion transcript generated by insertion of the gene-trap vector directs the expression of a truncated AIM2 protein carrying only the N-terminal pyrin domain fused to a cassette of β-galactosidase and neomycinresistance proteins (Fig. 1a) . We confirmed insertion of the pGT0lxf vector into Aim2 in the gene-trap embryonic stem cells by RT-PCR ( Supplementary Fig. 1 ) and mapped the site of the pGT0lxf integration by long-range PCR and sequencing and found it resided in intron 6 (Supplementary Fig. 2 ). We bred mice with two copies of the trapped Aim2 to homozygosity and confirmed deletion of Aim2 by RT-PCR (Fig. 1b) and immunoblot analysis (Fig. 1c) . AIM2 was absent from thioglycollate-elicited macrophages (TEMs), bone marrow-derived macrophages (BMDMs) and splenocytes from Aim2 −/− mice ( Fig. 1c and data not shown). Mutant mice were born at the expected Mendelian ratios, and they developed and bred normally and showed no apparent abnormalities. Throughout our studies we compared Aim2 +/+ and Aim2 −/− mice generated from breeding of heterozygous parents.
AIM2 is critical for responses to cytosolic dsDNA
Consistent with published studies identifying human AIM2 as a cytosolic sensor for dsDNA and a key regulator of IL-1β production [9] [10] [11] [12] , transfection of mouse Aim2 also led to the formation of a functional inflammasome complex. As an initial screen for the ability of AIM2 to associate with ASC and elicit signaling, we tested the ability of transfected Aim2 to trigger ASC-dependent signaling by the transcription factor NF-κB. Overexpression of mouse Aim2 led to ASC-dependent activation of an NF-κB reporter gene (Fig. 2a) . We next examined whether the mouse AIM2-ASC complex led to the caspase-1-dependent maturation of pro-IL-1β by using transient transfection of Aim2 and Asc in the presence of caspase-1 and Flag-tagged pro-IL-1β in human embryonic kidney (HEK293T) cells. AIM2 led to the maturation of pro-IL-1β in an ASC-dependent manner (Fig. 2b) .
To evaluate the role of AIM2 in the innate response to DNA, we generated BMDMs from Aim2 +/+ and Aim2 −/− littermates. We examined macrophage differentiation by staining cells for the common myeloid marker CD11b and the macrophage marker F4/80. Aim2 +/+ and Aim2 −/− macrophages had equivalent F4/80 and CD11b staining patterns (Fig. 2c) , indicative of normal macrophage differentiation. Synthetic B-form dsDNA (poly(dA:dT)) induced a robust IL-1β response in BMDMs, as measured by enzyme-linked immunosorbent assay (ELISA), and this response was abolished in Aim2 −/− macrophages (Fig. 2d) . We obtained similar results with TEMs and bone marrow-derived DCs (BMDCs; Fig. 2e ). DNA treatment also led to the proteolytic cleavage of caspase-1 and production of the mature 17-kilodalton IL-1β cytokine, and in both cases these responses were impaired in Aim2 −/− cells (Fig. 2f) . Macrophages lacking ASC or caspase-1 had a similar phenotype (data not shown). Poly(dA:dT) also induced IL-18 production and this was also AIM2 dependent (Fig. 2g) . Finally, poly(dA:dT) induced an inflammatory form of cell death (pyroptosis) in Aim2 +/+ macrophages, and this response was also attenuated in Aim2 −/− cells (Fig. 2h) . Collectively, these data indicate that AIM2 is a nonredundant sensor that regulates the caspase-1-dependent maturation of IL-1β, IL-18 and pyroptosis in response to DNA 19 .
AIM2-deficient cell responses to other inflammasome activators
To define the specificity of AIM2 for DNA, we examined inflammasome activity in response to agonists of other NLRs. Aim2 +/+ and Aim2 −/− BMDMs responded equivalently to anthrax lethal toxin, which signals via NLRP1 (ref. 15; Fig. 3a) . The release of IL-1β in response to ATP and nigericin, activators of the NLRP3 inflammasome, was also normal (Fig. 3b) . Analysis of caspase-1 cleavage and IL-1β cleavage produced similar results (Fig. 3c) . AIM2-deficient cells also responded normally to S. typhimurium, which activates the NLRC4 (Ipaf) inflammasome (Fig. 3d) . RIG-I regulates caspase-1-dependent processing of IL-1β in response to some RNA viruses 20 . To evaluate this pathway, we monitored the release of IL-1β from Aim2 +/+ and Aim2 −/− BMDCs infected with Sendai virus, a paramyxovirus that signals through RIG-I. The Sendai virus-induced IL-1β response was not impaired in Aim2 −/− DCs (Fig. 3e) . Collectively, these data indicate that AIM2 is a receptor for cytosolic dsDNA and does not contribute to inflammasome activation in response to agonists of NLRP1, NLRP3, NLRC4 or RIG-I inflammasomes.
Interferon responses in AIM2-deficient macrophages
Cytosolic DNA is also a potent trigger of the production of type I interferons. To evaluate the role of AIM2 in this response, we measured IFN-β production in response to poly(dA:dT) in Aim2 +/+ and Aim2 −/− mice. Poly(dA:dT) induced IFN-β in Aim2 +/+ splenocytes and TEMs, and this response was enhanced in cells from Aim2 −/− mice (Fig. 4a,b) . These observations indicate that AIM2 is not a sensor of IFN-β production but may exert a negative regulatory effect on interferon responses. We also examined the responsiveness of Aim2 −/− BMDMs to type I interferons themselves. We stimulated Aim2 +/+ and Aim2 −/− macrophages with IFN-β and measured by immunoblot analysis the induction of viperin, which is encoded by a well-characterized interferon-stimulated gene. IFN-β induced high viperin expression in Aim2 +/+ cells, and this response was also induced in Aim2 −/− cells (Fig. 4c) .
AIM2 is encoded by a type I interferon-inducible gene 21 . Although human monocytes do not express AIM2, except after interferon induction 10 , mouse macrophages and splenocytes expressed AIM2 constitutively ( Fig. 4d and data not shown) , and the expression of AIM2 was even higher after treatment of TEMs with IFN-β or poly(dA:dT) or after infection with Sendai virus (Fig. 4d) . Published work has suggested that type I interferon signaling is essential for inflammasome activation in response to F. tularensis and L. monocytogenes 22, 23 . To define the requirement for interferon production and/or signaling in AIM2 inflammasome activation, we monitored DNA-induced IL-1β responses under conditions in which IFN-β was not induced. 
A r t i c l e s
Poly(dA:dT) induced a robust IFN-β response that was completely dependent on the transcription factors IRF3 and IRF7 (Fig. 4e) . To determine if IFN-β production after poly(dA:dT) treatment was required for activation of the AIM2 inflammasome, we monitored the release of IL-1β from these cells. In contrast to IFN-β production, IL-1β production was not defective in response to poly(dA:dT) in cells doubly deficient in IRF3 and IRF7 (Fig. 4f) . These observations indicate that although DNA treatment leads to the production of type I interferons and higher expression of AIM2, such events are dispensable for AIM2 inflammasome activity.
AIM2-dependent IL-1 responses to bacteria
We next examined the role of AIM2 in regulating inflammasome activation in response to microbial pathogens. F. tularensis is a pathogenic bacterium whose virulence is linked to its ability to replicate in the host cell cytosol 24 . Entry of the organism into the cytosol from the phagosome triggers the release of type I interferons, IL-1β and IL-18, as well as caspase-1-dependent cell death 22, 23, 25 . Although the production of inactive pro-IL-1β in response to F. tularensis LVS is dependent on TLR2 (refs. 22,26) , cleavage of pro-IL-1β into its active mature form requires both entry into the cytoplasm and engagement of a previously unknown cytosolic receptor 22, 23, 25 . These events are dependent on ASC 25 (Fig. 5a,b) . Priming of macrophages with lipopolysaccharide (LPS) or other TLR ligands was not required for F. tularensis LVS-induced activation of caspase-1, as the recognition of F. tularensis by TLR2 regulates induction of the gene encoding pro-IL-1β 22, 26, 29 . To confirm that the lack of IL-1β secretion by Aim2 −/− cells was due to impaired inflammasome activation and not lower production of pro-IL-1β, we also evaluated the induction of IL-1β mRNA by quantitative PCR. Infection with F. tularensis LVS led to equivalent induction of pro-IL-1β mRNA in Aim2 +/+ and Aim2 −/− cells (Fig. 5c) . F. tularensis is known to induce IFN-β, and published work has shown that IFN-β-deficient macrophages 22 and IFN-α/β receptordeficient macrophages 23 fail to undergo inflammasome activation induced by F. tularensis, which indicates a requirement for an intact interferon response. We therefore also examined F. tularensis-induced cleavage of caspase-1 and release of IL-1β in macrophages lacking IRF3 and IRF7. These cells had a blunted but not defective response (Fig. 5a,b) , in contrast to published studies of IFN-β-or IFN-α/β receptor-deficient mice 22, 23 . Although these combined data indicate that F. tularensis LVS-mediated activation of the inflammasome is dependent on type I interferon signaling and AIM2, they also suggest that in the absence of IRF3 and IRF7, F. tularensis can still induce some IFN-β production that is sufficient to trigger AIM2. Indeed, F. tularensis LVS still induced IFN-β production, albeit lower, in macrophages lacking IRF3 and IRF7 (data not shown). Precisely how F. tularensis induces type I interferons is still unclear, although DNA-sensing mechanisms have been proposed. The sensor responsible for these events has not been identified. L. monocytogenes can also trigger inflammasome activity, although the mechanisms involved are not well established. Like F. tularensis, L. monocytogenes also triggers type I interferon responses and IL-1β after entering the cytosol. The NLRP3 and NLRC4 inflammasomes and another as-yet-unidentified ASC-dependent inflammasome have all been linked to this [30] [31] [32] [33] . To define the role of AIM2 in response to L. monocytogenes, we infected macrophages from Aim2 +/+ and Aim2 −/− mice and measured the cleavage of caspase-1 as well as the maturation and release of IL-1β. In all cases, these responses were lower but not abrogated in AIM2-deficient cells (Fig. 5d,e) . We obtained similar results with DCs (data not shown). These data therefore indicate that inflammasome activation by L. monocytogenes is only partially dependent on AIM2 signaling and that additional pathways also contribute to this activation, consistent with published studies [30] [31] [32] [33] .
AIM2-dependent IL-1 responses to DNA viruses
To examine the role of AIM2 in inflammasome activation after DNA virus infection, we first examined responses in cells infected with mCMV. We found that mCMV induced the release of IL-1β from TEMs and that this response was entirely dependent on AIM2 (Fig. 6a) . We obtained similar data with BMDCs (data not shown). Activation of caspase-1 and maturation of IL-1β in response to mCMV were also AIM2 dependent (Fig. 6b) . We found that mCMV also induced IFN-β and this response was not altered in AIM2-deficient TEMs (Fig. 6c) but was ablated in TEMs doubly deficient in IRF3 and IRF7 (Fig. 6d) .
Vaccinia virus also triggered the AIM2 inflammasome. Vaccinia virus-induced release of IL-1β, cleavage of caspase-1 and maturation of IL-1β were all attenuated in macrophages and BMDCs lacking AIM2 (Fig. 6e,f) . Herpes simplex virus type 1 (HSV-1) is also a strong inducer of IL-1β in macrophages; however, in contrast to the response to vaccinia virus and mCMV, maturation and release of IL-1β in response to HSV-1 was normal in cells from Aim2 −/− mice (Fig. 6g,h) . Collectively, these data indicate that AIM2 is important in driving the maturation and release of IL-1β in response to DNA viruses. How AIM2 senses mCMV and vaccinia virus differently, but not HSV-1, is unclear.
AIM2-dependent responses to mCMV infection in vivo
IL-18 has biochemical similarities to IL-1β but is functionally more similar to IL-12. IL-18 and IL-12 act in synergy to stimulate IFN-γ production from NK cells 34 , events that are crucial in the early defense against mCMV infection. IL-18 receptor-deficient mice have much less IFN-γ in both the systemic circulation and spleen after mCMV infection 35 . To define the role of AIM2 in vivo, we infected C57BL/6, Asc −/− , Aim2 +/+ and Aim2 −/− mice with mCMV and first monitored IL-18 production. In agreement with published reports 35 , IL-18 was readily detectable in the serum of wild-type C57BL/6 mice at 36 h after infection with mCMV (Fig. 7a) . We could not detect IL-18 in the serum of mCMV-infected mice deficient in ASC (serum concentrations in Asc −/− mice were below the limit of detection of this assay, 25.6 pg/ml). The serum concentration of IL-18 during mCMV infection was significantly lower in Aim2 −/− mice than in their Aim2 +/+ littermates (Fig. 7b) , whereas systemic concentrations of tumor necrosis factor were unaffected (Aim2 +/+ , 66 ± 30 pg/ml; Aim2 −/− , 56 ± 16 pg/ml (P = 0.56; n = 4 mice per group); data not shown). These results suggest that AIM2 and ASC are required for the systemic induction of IL-18 but not of tumor necrosis factor during mCMV infection in vivo.
Given the role of IL-18 in the induction of systemic and splenic IFN-γ production during mCMV infection, we next evaluated ex vivo IFN-γ production by NK cells in the spleens of mCMV-infected mice 36 . The frequency of NK1.1 + NKp46 + CD3ε − NK cells in the spleens of C57BL/6, Asc −/− , Aim2 +/+ and Aim2 −/− mice was similar after mCMV infection ( Fig. 7c and Supplementary Fig. 3 ). However, C57BL/6 and Aim2 +/+ mice had significantly more IFN-γ-producing NK cells ex vivo, as determined by intracellular staining, and Asc −/− and Aim2 −/− mice had considerably fewer IFN-γ-producing NK cells (29% and 52% less than controls, respectively; Fig. 7d) . The lower number of IFN-γ-producing NK cells could not be attributed to less NK cell activation, as similar proportions of Asc −/− and Aim2 −/− splenic NK cells expressed the activation marker CD69 in response to infection, relative to their C57BL/6 and Aim2 +/+ controls, respectively (Fig. 7e) . Of note, NK cell CD69 expression was enhanced in Aim2 +/+ and Aim2 −/− mice (on a mixed 129 × C57BL/6 background) relative to that of mice on a pure C57BL/6 background (Supplementary Fig. 3) .
In C57BL/6 mice, which are resistant to mCMV, NK cell control of early virus replication is mediated in large part through recognition of the mCMV m157 protein by the activating NK cell receptor Ly49H. Although Ly49H expression was slightly A r t i c l e s lower in both Aim2 +/+ and Aim2 −/− littermates on a mixed 129 × C57BL/6 background relative to that of C57BL/6 and Asc −/− mice ( Supplementary Fig. 3) , there was no significant difference in the proportion of Ly49H + NK cells in paired groupings of 129 × C57BL/6 littermates (Aim2 +/+ , 48 ± 9; Aim2 −/− , 52 ± 4 (P = 0.45, n = 4)) or mice on the C57BL/6 background (Aim2 +/+ , 68 ± 4; Aim2 −/− , 68 ± 1 (P = 0.98, n = 4)). Notably, both the Ly49H + and Ly49H − subsets of splenic NK cells from mCMV-infected Asc −/− mice ( Fig. 7f) and Aim2 −/− mice (Fig. 7g) showed less spontaneous ex vivo IFN-γ production relative to that of cells from C57BL/6 and Aim2 +/+ mice, respectively. Thus, the lower IFN-γ responses of NK cells in AIM2 inflammasome-defective (Asc −/− and Aim2 −/− ) mice could not be attributed to the lower number of cells that could be activated by mCMV-encoded ligands for Ly49H. After in vitro stimulation with the phorbol ester PMA and ionomycin, NK cells (both Ly49H + and Ly49H − ) from spleens of mCMV-infected C57BL/6 and Asc −/− mice (Fig. 7f) , as well as those from their Aim2 +/+ and Aim2 −/− littermates (Fig. 7g) , produced similarly large amounts of IFN-γ. These data indicate that NK cells in Asc −/− and Aim2 −/− mice are not intrinsically defective but instead that their impaired IFN-γ responses are probably due to the less systemic IL-18 production during mCMV infection. As NK cell-derived IFN-γ is critical for early control of mCMV replication in vivo, we next determined viral loads in the spleens of infected mice at 36 h after infection. Asc −/− mice had higher viral titers than those of C57BL/6 mice at this early time point (Fig. 7h) . As mice of mixed background have higher viral titers than those of C57BL/6 mice, to evaluate the role of AIM2 in viral control, we used a lower dose of mCMV (1 × 10 5 rather than 1 × 10 6 plaque-forming units). Like Asc −/− mice, Aim2 −/− mice had much higher viral titers at this early time point (Fig. 7i) . Notably, IL-18 in the serum and NK cell-dependent IFN-γ production were lower in Aim2 −/− mice than in Aim2 +/+ mice at this lower dose (data not shown). Collectively, these data demonstrate the essential role of the AIM2-ASC inflammasome in early control of mCMV infection through IL-18 and NK cell-dependent production of IFN-γ.
DISCUSSION
Considerable progress has been made in defining the molecular basis of the immune-stimulatory activity of microbial DNA. TLR9 recognizes CpG DNA and resides in the endosomal compartment 37 . Additional TLR9-independent pathways have also emerged. These include an interferon-inducing pathway and a pathway leading to conversion of the zymogens pro-IL-1β and IL-18 into the active mature cytokines. The interferon-inducing pathway is complex and involves RNA polymerase III and one or more redundant sensors, which collectively converge on a signaling axis involving the interferon gene-stimulator STING 38 and IRF7 (ref. 37 ). The IL-1-IL-18 pathway has been shown to involve AIM2, which binds its ligand DNA directly and engages ASC to form a caspase-1-activating inflammasome [9] [10] [11] [12] . Whether AIM2 is the sole sensor for this pathway is unknown.
Here we have characterized the role of AIM2 in DNA responses by generating mice lacking Aim2. Our studies monitoring IL-1β responses demonstrated an essential and nonredundant role for AIM2 in DNA-dependent activation of caspase-1 and maturation of IL-1β-IL-18 in both macrophages and DCs. Although overproduction of IL-1β can have deleterious consequences for the host if not well regulated 13 , the importance of IL-1β in antimicrobial defenses is highlighted by the enhanced susceptibility of IL-1 receptor-deficient mice to various pathogens 40, 41 and by the ability of viruses to evade the production and/or action of these cytokines [42] [43] [44] . Our studies of IL-1β responses in AIM2-deficient mice have identified a central role for AIM2 in regulating IL-1β in response to F. tularensis LVS. Published work has shown the importance of type I interferons, ASC and caspase-1 in innate responses to F. tularensis 25 . However, the precise mechanisms by which F. tularensis trigger caspase-1 activation have remained unclear 22, 45 . Our studies have identified AIM2 as the sole mediator of inflammasome activation by F. tularensis. F. tularensis also elicits IFN-β production, an event that is not mediated by AIM2. The sensor that regulates IFN-β induction and whether DNA is also the activating ligand remain unknown. Our data have also demonstrated the contribution of the AIM2 pathway to the sensing of L. monocytogenes. In this case, the role of AIM2 is partial, consistent with redundant NLR sensing mechanisms. Indeed, AIM2 and NLRP3 seem to act together for the sensing of L. monocytogenes, as knockdown of AIM2 in NLRP3-deficient macrophages abolished all inflammasome activity (S. Kim, F. Bauernfeind, A. Ablasser, G. Hartmann, K.A.F., E.L. and V.H., data not shown).
Our most notable finding was that the AIM2-ASC pathway was crucial for caspase-1-dependent signaling and innate immunity to DNA viruses, particularly mCMV. Using a mouse model of mCMV, we found a critical role for AIM2 and ASC in regulating IL-18 production and NK cell-dependent production of IFN-γ. These events are critical for the early innate response to infection, as reflected by the higher viral titers in AIM2-and ASC-deficient mice than in their wild-type counterparts. It is important to note that the Aim2 −/− and Aim2 −/− mice were on a mixed 129 × C57BL/6 background and thus were more susceptible to mCMV than were C57BL/6 mice, which have an autosomal dominant gene on chromosome 6 (Cmv-1 locus) that confers resistance to mCMV 46 . Defects associated with DAP12 and possibly other signaling pathways on the 129 background may also contribute to the greater susceptibility of 129 × C57BL/6 mice to mCMV 47 . In our studies, the use of Aim2 +/+ littermate controls (derived from the breeding of heterozygous parents), which had expression of the NK cell receptors NK1.1 and Ly49H (encoded by the Cmv-1 locus 36, 48, 49 ) similar to that of their Aim2 −/− littermates, permitted us to properly control for the influence of genetic background on resistance to mCMV and to assess the importance of AIM2 in early antiviral responses. Moreover, the similarly lower systemic IL-18 and NK cell-dependent production of IFN-γ as well as the enhanced viral burden in Asc −/− mice fully backcrossed onto the C57BL/6 background support our argument that the AIM2-and ASC-dependent induction of IL-18 contributes to early control of mCMV replication. Moreover, these data are consistent with published studies of IL-18 receptor-deficient mice 35 . A key question arising from these studies relates to how AIM2, which is located in the cytosolic compartment, gains access to mCMV DNA, as mCMV replicates in the nucleus. Whether the incoming virion or newly synthesized virions are being sensed is unclear at present. One possibility is that as virions are disassembled or assembled, DNA may gain access to the cytosol if the capsid proteins fail to perfectly protect and/or sequester the DNA.
Although it is not unexpected that organisms have evolved mechanisms to sense microbial DNA and trigger innate immunity, understanding of how cells discriminate between self and non-self DNA is still limited. The normal defense strategies that discriminate between host and pathogenic nucleic acids are not perfect and fail under certain circumstances. This perturbation in normal control may contribute to the pathogenesis of autoinflammatory and autoimmune diseases such as systemic lupus erythematosis 37 . Normally, mammalian DNA is sequestered in the nucleus or mitochondria of cells. However, there is an exception to this during replication or cell death, when the integrity of the nuclear envelope is compromised, thereby exposing the cytosolic compartment to free DNA. DNA found free outside cells, in endosomes or in the cytosol is degraded by DNase I, DNase II and DNase III (TREX1). Failure of these systems to function (because of mutation, deletion and so on) can lead to aberrant accumulation of DNA and inappropriate immune activation. Whether AIM2 senses aberrant host DNA and thus contributes to the pathogenesis of systemic lupus erythematosis awaits investigation. Further characterization of the AIM2 inflammasome will probably yield new insights into microbial pathogenesis as well as autoinflammatory and autoimmune diseases and enable the rational design of new therapies and treatments for many debilitating conditions.
METhODS
Methods and any associated references are available in the online version of the paper at http://www.nature.com/natureimmunology/.
